Background: Studies have suggested an association between climate variables and circulatory diseases. The shortterm effect of climate conditions on the incidence of ischemic heart disease (IHD) over the 1989-2006 period was examined for Quebec's 18 health regions.
Background
A decline in the rates of deaths and of hospital admissions is reported for cardiovascular diseases in Canada [1] , while most risk factors, except smoking have been rising simultaneously throughout the country [2, 3] . Aside from known risk factors, climate variables, especially temperature and relative humidity, are documented to have an association with circulatory diseases [4] [5] [6] . The overall mean temperature as well as extreme weather events across the planet are projected to increase, according to future climate simulations [7] . Therefore, the definition of meteorological variables effects on the population health is regarded as important in the governmental policy making process.
In Quebec, a study has confirmed a significant association between the historic temperature and mortality [8] . Most studies have so far focused on mortality and reported a non-linear relation (U, J, or V shaped) between daily mortality and extreme temperatures. The few studies that focused on morbidity reported an increase in daily hospitalizations for cardiovascular and respiratory diseases during extreme weather conditions [5, [9] [10] [11] . It has also been reported that temperature effects are observed up to a few days after initial exposure [12] .
In this study we investigate the impact of meteorological variables on the incidence of ischemic heart diseases (IHD, ICD9:410-414.9) in the province of Quebec (Canada) over the period [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . The main objective is to estimate the effects of climate variables on IHD hospital admissions while taking into account as much as possible confounding variables or risk factors such as gender, age group, material and social deprivation, smoking and the geographic health region. This represents a first step towards establishing future projections for hospital admissions under climate change scenarios.
Methods

Health and related data
Daily hospitalizations for IHD, all ages, from April 1 st 1989 to March 31 st 2006 were extracted from the hospital discharge database (Med-Echo) supplied by the Ministère de la santé et des services sociaux du Québec (MSSS). With the estimated annual population data, a direct standardization [13] was conducted for age and gender to obtain a time series of the daily IHD admissions rate for each one of Quebec health regions ( Figure  1 ). The three Northern regions (10, 17 and 18, located north of the 50 th parallel) were excluded from the study due to a lack of homogeneous data Data on smoking prevalence by age group and by sex for the periods 1998, 2000-2001 and 2003 were obtained from the Institut national de santé publique du Québec (INSPQ); no comparable data was available for the period 1989-1997. Data on the deprivation index was also provided by INSPQ. This index has two dimensions: material and social [14] [15] [16] and is available at the dissemination area level [17] or its former equivalent, every five years, since 1996. Again no comparable data was available for the period 1989-1995. The indicators for other risk factors (e.g. obesity, diabetes, and hypertension) were unavailable at the spatial scale of interest for this study All preceding indicators were thus not included in the model and they were used for discussion purposes only.
Meteorological data
Observed meteorological data come from Environment Canada's National Climate Archives [18] . The same data were used for the regions of Laval and Montreal because of their proximity. Table 1 gives a summary of available meteorological data. December, January and February are considered as the winter months while June, July and August are the summer months. Due to missing meteorological data for the regions 04, 07, 12 and 14, the choice of variables was limited to daily mean temperatures, precipitations and ground snow.
Statistical analysis
A generalized additive model (GAM) [19] was used to model climate effects on IDH hospital admissions. Parameter estimation is carried out with the approach combining smoothing parameter λ with the B-splines basis function [20] . The variables to be included in the model are selected by a forward stepwise selection technique and an F-test is conducted in the comparison of two different models [19] . Prior to variables selection, a lag search is performed using the generalized cross-validation (GCV) criterion. For each variable, the mean of past observations up to two weeks is computed and the number of days providing the smallest model GCV is added to the list of covariables. The parameter λ, is estimated by comparing the Akaïke information criterion (AIC) values corresponding to different values of λ (λ = 0.001, 5, 15, 30, 60, 90 and 180). The excess risk is the relative change in the daily rate of IHD admission due to a decrease of 1°C below a temperature threshold for winter and an increase of 1°C above a threshold in summer.
Results
Descriptive statistics
Most cases of IHD hospital admissions were in the age group 45-64 for men and 65 and over for women.
Annual IHD admission rates are illustrated in Figure 2 for men and Figure 3 for women. The annual admission rate showed an increasing trend in all regions and age groups for both genders in the first half of the nineties. By the beginning of 2000 the admission rate was decreasing steadily in all regions. Higher annual IHD admission rates for men and women of 45 years and more are observed mostly in the North-Eastern regions and the lowest rates are in the South-Western regions (Figure 4) . Overall, the data shows a decreasing rate from North to South and from East to West.
Models for winter
In most cases, delayed variables (i.e. variables with a lag) were the first meteorological variables to be selected for the model. This indicates that prior climatic conditions have more impact on IHD hospital admission than those of the day of admission. For both genders and in most regions, IHD daily admission rates were increasing with averaged daily mean temperatures for a given lag and with same-day mean temperature. The widely reported V or U-shaped curves obtained through the GAM model best described this association ( Figure 5 ). For men, a stronger effect on IHD daily hospital admissions was observed in the 45-64 years age group, whereas for women there was no particular dominance of any age group despite the fact that the IHD admission rate was higher in the 65 years and over group. The V or U-shape was also observed with humidity and dew point. The daily IHD admission rate also increased with precipitation and ground snow for both genders. Furthermore the effects of meteorological variables were decreasing over time during the period under study ( Figure 6 ). Table 2 presents the excess risk of the daily rate of IHD admission for men and women related to a decrease of 1°C below a threshold. The threshold was defined as the inflexion point of the smoothing function and was different for each region and for both genders. In most regions, the effect of a 1°C drop in the averaged daily mean temperatures for a given lag is stronger than the one corresponding to a same-day mean temperature drop. This means that an exposure to continuous cold temperatures is more potent for IHD hospital admissions. Note that the duration of the lag depends on the variable and the region.
For men, the risk was higher (1.03% to 12.32%) in the 45-64 years age group in most regions, compared to older men (0.53% to 2.98%). There was a protective effect (decreasing risk) of cold temperature on IHD admissions rate in few regions.
The highest excess risks for women were in region Côte-Nord for both age groups. The protective effect of cold was more common for women across the province. Note that for both genders, the regions with the highest excess risk were in the group with the highest IHD annual rate. The low annual rate group also presented the lowest excess risk for men. Maximum daily rates for men were observed in January or February. For most regions January was the high risk period whereas in a few, it was late February. Regions with February peaks were North-Eastern regions and North-Western regions. Peaks in hospital admissions were observed earlier in the season for men 65 years and over when compared to the 45-64 years age group. For women, maximum rates were observed at the end of December and early January. High rates were also observed earlier for 65 years old and up women compared to younger ones.
Models for summer
The association with averaged daily mean temperatures for a given lag was typically in the shape shown in Figure 7 , instead of the commonly reported U or J form. There are two increases at both extremes of the hot temperature range separated by a decrease in daily rate of IHD admissions, approximately between the temperatures of 14°C and 18°C. That shape was observed for both genders in most regions. Women aged 45-65 years were more affected by extreme heat in comparison to men of the same age (Table 3 ). Other than this general statement, no specific pattern was discernible.
During summer, for both genders, higher values of the daily admission rate were recorded earlier in the season for the 65 years and over age group in comparison to the 45-64 years age group. Most regions, especially regions with large cities, presented a decrease in 65 years old men's daily admission rate around mid-July, while an increase is observed in the 45-64 years old men's rate.
Risk factors and health determinants
Besides age, sex and health region, no risk factor was incorporated into the models, given major data Bayentin
limitations. To investigate the differences in weather effects amongst health regions, the mean smoking prevalence was checked for the province of Quebec (Table 4) . The smoking prevalence for the age group of 45-64 years was twice that of 65 years and over, for both genders. For the purpose of this study the smoking prevalence was categorized into three groups: high (superior to 27.7%), moderate (between 16.5% and 27.7%) and low (inferior to 16.5%). The smoking prevalence for men aged 45-64 years old is high in almost all regions and is either high or moderate in all regions for women of the same age. The smoking prevalence for men 65 years and over was moderate in most regions; while older women generally showed a low prevalence. The comparison of weatherrelated excess risks and smoking prevalence showed that for both seasons and for men and women of the 45-64 years age group, the regions that have statistically significant high excess risk also presented high smoking prevalence. Note that some regions with moderate or low smoking prevalence also displayed significant excess risk for the 65 years and over age group. Another important factor taken into account is the deprivation indexes for the province [15] . Highest values of material deprivation (or the most deprived materially) are in North-Eastern regions such as Gaspésie-Îles-dela-Madeleine (Table 5 ) and the highest values of social deprivation (or the most deprived socially) are in metropolitan regions such as Montreal (Table 5) . Those regions displayed significant excess risks either for winter or summer models. 
Discussion
As reflected in the literature, the relationship between hospital admission for IHD and climate is probably a very complex one, modulated by several factors. Nonetheless, a strong relationship was observed in this study between IHD hospital admission rates and climatic conditions of the days preceding the hospitalization date. Delayed variables corresponding to ground snow, precipitation and daily mean temperature were among the first to be selected in the GAM model, confirming a cumulative effect of cold weather on IHD. Some counter-intuitive findings also showed up. Cold temperatures resulted in a protective effect for women except for most Northern regions, pointing to possible links with protective behaviour (such as staying put at home during a cold spell), or the lower participation of women in the building or similar work sectors with compulsory outdoor exposure even during cold spells. In summer, for men 45-64 years old, a significant effect of hot temperatures was observed only in a few regions, whereas for women of the same age group the excess risk was recorded in most regions. In general the 45-64 age group was more at risk of IHD admission than the group of 65 years and over for both genders and in most regions. However, the older group was affected earlier in the season. Again behavioural factors are probably involved here, such as younger people having to work even in hot weather compared to retirees and seniors with activity limitations, as well as differential access to air conditioning, both already documented for the province [21, 22] .
A decline in the effects of meteorological variables on IHD daily admission rates was observed over the period of 1989-2006. This can partly be explained by the changes in surface air temperature over the period of our study. Studies have reported warming of the air temperature in Canada over the last few decades [23, 24] . In Quebec, a warming of the surface air temperature is reported in the southern part of the province over the period of 1960 and 2005, taking place mostly after 1995 [25] . Also the increase trend during that period shows a gradient from South to North and West to East [25] , which is consistent with our data. Also winters have been steadily warmer but summers have yet to become hotter for most regions [26] .
The association between cold temperatures and IHD admission rates takes the same V or U shape as reported in the literature. However that shape was less common for summer models. The increase in daily hospitalizations with extreme temperatures was not observed in all cases (age groups, genders, health regions).
A decrease in hospital admissions was observed in all regions, for both genders and for both age groups, after an initial increase in the nineties. This is very consistent with the national trends of deaths and hospital admissions for heart diseases [1] . Tu et al. (2009) suggested that better control of lipid levels and associated coronary plaque stabilization through increasing rates of statin use in Canada could be significant factors in the decrease, with other medical treatment of risk factors also increasing and potentially involved in the trend [1] . Climate trends should be added as an explanatory variable of importance.
Regions with a significant excess risk also displayed high smoking prevalence and higher deprivation indexes (either material or social). A significant excess risk was also noted for the 65 years and over age group for some regions in which the smoking prevalence is moderate or low. This suggests that, in regions with high excess risk but moderate and low smoking prevalence, others risk factors not considered here are involved in the incidence of IHD. Diet, smoking and physical inactivity, considered modifiable risk factors, also contribute to the The physiological processes that explain the effect of climate of ischemic heart disease are complex and not completely understood. Nonetheless, vitamin D is reported to be associated to the incidence of cardiovascular disease [27] and the mechanisms of its effect well documented [28] . Grimes, Hindle and Dyer [29] used the positive slope of the relationship between the concentration of blood cholesterol and latitude, the negative relationship between hours of sunshine per year and the death rate from coronary heart diseases (CHD) to suggest that the geographical variation of CHD is influenced by sunlight. Though we did not use sunlight exposure as an independent variable in our study, the separation of the seasons and the inclusion of the i th day of the season in the models account for the seasonality of sunlight. Also, because of the known relationship between latitude and sunlight and thus, the cutaneous synthesis of vitamin D [30] , the separation of data by health region can be construed as a form of stratification based on geographical coordinates. Figure 4 clearly shows a latitude effect on IHD hospital admission rate, with the annual IHD admission rate decreasing with the latitude.
The proportion of the population that is active is the same in all regions and cannot be considered as an explanatory variable for IHD hospitalisations, but the proportion of workers involved outdoors likely varies from region to region; unfortunately no data were available on this topic.
Limitations of the study
Our study has some limitations. Because the health data were from existing administrative databases, patient history of heart diseases, personal habits such as smoking and comorbidity could not be taken into account. The limitations of data on smoking and the deprivation index allowed only for a qualitative analysis. Another limitation of our study is our inability to distinguish between new admissions and repeated ones, which could lead to increased rates of hospitalisation. Our study did not assess either the role of air pollution in the genesis of IHD episodes, although such a role seems significant [31] [32] [33] .
Conclusion
While these results should be considered preliminary, they nonetheless point out important messages for physicians throughout the country. Weather extremes do play a significant role in the genesis of acute and severe episodes of IHD, and the longer the heat wave or the cold spell, the more likely the public health impact. Several already vulnerable subgroups, based on a variety of indicators, seem to present more sensitivity to weather extremes, but adaptive behaviours can modify this excess risk. Adapted treatment regimes by physicians could probably help improve the score, although much more research at the individual level is warranted before reaching the stage of formal recommendations. However, older people and lower income groups could already benefit from supplementary medical attention in periods of meteorological extremes.
